A B S T R A C T Decreased ventilatory responses to hypoxia and hypereapnia have been demonstrated in a variety of disorders; however, the etiology of'these decreased drives remains virtually unknown. Recent observations have suggested a f'amilial influence on hypoxic and hypereapnic ventilatory response, but it is unclear whether this influence is the result of' hereditary or environmental influences. Therefore we measured the ventilatory response to isocapnic hypoxia (HVR) and hyperoxic hypercapnia in 12 pairs of identical and 12 pairs of nonidentical twinis. Significant correlation (P < 0.01) was found for HVR within identical twin pairs but not within nonidentical twin pairs. Identical twins resembled each other more closely with respect to HVR than was the case for nonidentical twins (P < 0.0125). This was independent of body size, blood Pco2, or pH. No such correlation could be found for ventilatory response to hyperoxic hypercapnia. It is concluded that hereditary influences affect HVR and it is speculated that such influences may play a role in clinical conditions characterized by decreased hypoxic ventilatory responses.
INTRODUCTION
The magnitude of'ventilatory responses to hypoxia and hypereapnia is known to span a broad range in the normal population (1) . In addition, decreased responses are commonly found in specific subgroups including long-distance runners (2) , the Enga tribesmen of New Guinea (3) , and in patients with idiopathic hypoventilation (4, 5) . Decreased ventilatory drive during hypercapnia has also been demonstrated in hypoventilating patients with chronic obstructive pulmonary disease when breathing effort has been assessed as inspiratory work (6) Received for publication 24 June 1977 and in revised form 2 February 1978. (7) , or inspiratorv occlusion pressture (8) , and contrasts wvith the near-niormiial values founld in patients with similar degrees of obstruction, but with normal venitilation. The etiology of' decreased ventilatory drives remains largely unknow%n.
Recently it has been suggeste(l that f;amilial influences play can important role in the (letermination of' ventilatory drives. In studies of' patieints with unexplained respiratory f;ailure in wlhom ventilatory responses to hypoxia were found to be decreased, similarly decreased responses were found in healthy f;amily members (4, 5) . Furthermore, Saunders et al. have shown a correlation between hypereapnic ventilatory responses seeni in championship swimmers and their siblings (9) , and we have found decreased hypoxic ventilatory responses in successf'tul endurance runners and in their nonathletic parents and siblings (10) .
All these observations support a familial effect on the drives to breathe; however, it is not clear whether these decreased drives are the result of factors within the environment or are under hereditary influence. Therefore, to investigate the importance of heredity we studied the ventilatory responses to hypoxia and to hypercapnia in nonidentical twins (same environment, different genes) and in identical twins (same environment, same genes).
METHODS
Subjects for study consisted of 12 pairs of identical and 12 pairs of nonidentical twins. Both members of nonidentical twin pairs were of the same sex. Nonidentical twin pairs ranged in age from 13 to 26 yr (average 17.2 yr) and identical twin pairs from 12 to 18 yr (average 14.5 yr). All subjects were healthy with no history of pulmonary disease, were taking no medications, and were native to low altitude. All twin pairs with a single exception shared a common residence up to the time of the study. All subjects gave consent, and study procedures wvere approved by the University of Colorado Medical Center Human Research Committee.
Zygosity (identical vs. nonidentical status) was determined by general similarity of appearance, hair color, eye color, ear lobe attachment, hand prints, and a panel of blood, urine, and salivary antigens. Marked discordance was present in all twins classified as nonidentical.
Ventilatory responses were measured with the subject reclining in a semidarkened room, vith television as a visual and auditory distraction. All subjects were studied in the f'asting basal state. Hypoxic ventilatory response was measured during progressive isocapnic hypoxia (11 (Fig. 3) .
Because hypoxic responses are influenced by acidbase chemistry (11) (augmented by acidosis and decreased by alkalosis) we looked for intrapair relationships of' blood pressure of' carbon dioxide (Pco2) and pH. Significant correlation between pair members was found f'or blood Pco2 (Fig. 4) in identical but not in nonidentical twins indicating that alveolar ventilation is more similar in identical than in nonidentical twins. The similarity of PA( 02s raises the (luestion whether this could be influencing hypoxic responses. This is unlikely. Hypoxic response is influeniced by pH, not by the Pco2 per se (18) . Thuis, acid-base chemistry does not appear to explain the findings.
The pH of' arterialized venous blood showed no correlation between twin pair members for either the identical or nonidentical group. DISCUSSION We found ventilatory responses to hypoxia to be similar in identical twin pairs and dissimilar in nonidentical twins, even though both types of twins shared a common environment. This supports the idea that hereditary f'actors have important influences on ventilatory responsiveness to at least one chemical stimulus, hypoxia.
Familial clustering of' depressed ventilatory responses to hypoxia has been described in parents and siblings of patients with uinexplained hypoventilation and in the immediate nonathletic family members of' successful endurance athletes (10) . It might be argued that these familial clusters of decreased hypoxic response in f'amily members who are genetically related, but not identical, is at variance with the lack of demonstrated similarity in the nonidentical twins who also have genetic relationship. The difference may be that in the studies of' patients, athletes and their relatives, an extreme end of the spectrum of' ventilatory responses was being examined, a situation which optimizes the likelihood of demonstrating a genetic trait. In the present study no attempt was made to select twins with extreme ventilatory responses and hence the values were evenly distributed over the normal range. Under these conditions, maximum genetic influence would be necessary to demonstrate an effect. Althouigh we found a genetic influence, we cannot speculate at this time as to a pattern of' inheritance.
We f'ound no hereditary influence on the ventilatory response to hypercapnia. This is consistent with the study of Arkinstall et al. (19) We speculate that genetic factors may account for the diversity of ventilatory responses to hypoxia and hypercapnia observed in the normal population and may account for familial clusters of such decreased responses in athletes and in patients with unexplained hypoventilation. Growing evidence suggests that decreased ventilatory drive is closely related to, and may account for, hypoventilation in chronic obstructive pulmonary disease, and may constitute the factor which separates "fighter" from "nonfighter" (6) (7) (8) . These diverse clinical profiles may reflect the effects of lung damage combined with differing levels of preexisting ventilatory drive. In this way, genetic factors may be important determinants of the clinical features in patients with abnormal lungs.
